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Abstract The ultimate usefulness of replanted fingers is related to the adequacy
of nerve, tendon and bone repair. Thirty-eight patients with successful replantation
of the thumb, a single finger or after multiple digital amputations were followed up
clinically. The subjective disability after finger replantation was evaluated by
means of the DASH score, and the presence of cold intolerance was assessed.
The subjective outcome of the achieved replantation reached an overall DASH
score of 12.3. Patients after thumb replantation reached a score of 10.0, after a sin-
gle finger replantation DASH 11.2 and after multiple finger amputations and replan-
tation of at least one finger, DASH 16.1. Cold intolerance was subjectively found in
86.7% of all hands with replanted fingers without a correlation to the patients DASH
scores. The patient’s evaluation of their limb function after replanted digits by
means of the DASH score, when combined with an objective external assessment,
represents a valuable comparative tool.
ª 2006 Surgical Associates Ltd. Published by Elsevier Ltd. All rights reserved.* Corresponding author. Canniesburn Plastic Surgery Unit,
Royal Infirmary, Jubilee Building, Glasgow, UK. Tel.: þ44 141
211 5600; fax: þ44 141 211 5652.
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Many reports describe the outcome of digital
replantation, quoting survival rates greater than
80% and ‘‘excellent’’ functional results.1e6 A
replanted digit will survive if its vascular anasto-
moses remain patent, yet its functional utilityblished by Elsevier Ltd. All rights reserved.
Evaluation outcome of replanted digits 31ultimately depends upon other factors, such as the
restitution of bone, nerve, and tendon function. In
certain circumstances a viable digit may actually
impair function, and so any determination of the
‘‘success’’ of replantation must consider the pa-
tient’s ability to use the replanted part for activi-
ties of everyday life. Such consideration is
intrinsically patient-centred, and so objective
measurements of artificial events such as grip
strength, range of motion or two-point discrimina-
tion, should be augmented by a subjective evalua-
tion of function of the affected extremity.
Several different techniques have been descri-
bed,3,7e10 yet perhaps none have such a blend of
reliability, sensitivity, simplicity, and responsive-
ness as the DASH (Disability of the Arm, Shoulder
and Hand). This patient-centred questionnaire
was developed as an outcome instrument to evalu-
ate the subjective disability and symptoms in sin-
gle or multiple musculoskeletal disorders of the
upper limb.8,9 Its reliability, validity and respon-
siveness has been demonstrated in a range of
musculoskeletal conditions. Normative data are
available, and scores correlate with other outcome
measures in both proximal and distal disorders, yet
thevalidityofDASHscore indigital injury is rarely re-
ported,11 and its utility after replantation has not
been investigated.
This study aimed to evaluate DASH as an out-
come measure to quantify the long-term, patient-
centred, upper extremity functional outcome of
finger replantation. Comparison with established
objective clinical outcome measures is provided.
Materials and methods
Patient selection (Table 1)
The study population comprised 38 adults (2
female and 36 male), aged 9 to 68 years (mean
40, SD 16.9) with unilateral digital amputation in-
juries resulting from a circular saw (n ¼ 15), a
wood splitting machine (n ¼ 13), an axe and a
hand saw (n ¼ 3), or avulsion (n ¼ 4). All replants
were performed by the Department of Plastic
and Reconstructive Surgery, at the University
Clinic of Innsbruck. Injuries were unilateral, re-
stricted to the hand, and included unilateral
thumb (n ¼ 19), single finger (n ¼ 12), and multi-
ple digit (n ¼ 13 fingers and 1 thumb in 7 patients)
amputations. Of the multidigit amputations, 5 un-
derwent replantation of all digits (thumb þ middle
finger in one case, two fingers in two cases, and
three fingers in two hands) but in two cases only
one digit was suitable for replantation. Mean
digital ischemia was 6.4 h. Amputation level wasT
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32 J. Dabernig et al.through the distal (n ¼ 2 thumbs, 2 fingers), middle
(n ¼ 12 fingers), or proximal (n ¼ 11 fingers) pha-
lanx; proximal (n ¼ 9 fingers), distal (n ¼ 1 finger),
or thenar interphalangeal joint (n ¼ 7 thumbs); or
metacarpophalangeal joint (n ¼ 1 thumb). In total
19 thumbs 10 index fingers, 8 middle fingers, 6 ring
fingers and 1 little finger were replanted.
The classic form of replantation procedure was
performed. Bones were shortened by 1e2 mm on
each side of the fracture during debridement, and
fixation achieved using two crossed K-wires, aug-
mented by an interosseous wire in most cases.
Nine transarticular amputations were arthrodesed.
Flexor and extensor tendons were repaired primar-
ily, and digital nerve coapted (both nerves in 32
digits and only one nerve in 13). Digits were revas-
cularised by anastomosing a single digital artery in
23 digits, and both arteries in the remaining 22.
Between 1 and 4 veins were anastomosed per digit
(median ¼ 2), except in two cases where venous
reconstruction was impossible, and leech therapy
was successfully employed.
Peri-operative intravenous antibiotics and low-
dose subcutaneous heparin were given routinely.
Post-operative monitoring was performed by the
ward staff. Hand therapy commenced between
postoperative days 3 and 17, as directed by
surgical staff, and included both active and passive
motion, plus sensory re-education.
Patients requiring secondary corrective opera-
tions like tenolysis or secondary nerve repair were
not excluded, since these are accepted care
events in optimising the function of a ‘‘successful’’
replant. Conversely, patients with replanted digits
which developed arterial or venous occlusion, or
infection and required primary surgical revision or
terminalisation were excluded, since these pro-
cedures artefactually delay post-operative hand
therapy, indicate inherently more severe primary
injuries, or result in the loss of a digit. All these
factors may adversely affect outcome indepen-
dently of the fact of replantation, and so were
excluded. Patients suffering from additional prob-
lems of the involved limb must also be excluded
since the DASH questionnaire evaluates the overall
function of an upper limb, precluding the assign-
ment of disabilities to individual pathologies.
Outcome assessment (Tables 1e3)
The follow-up examination was carried out after
a mean of 5.1 years (SD 1.91) after replantation
surgery using a protocol that included objective
measurements of hand strength, digital range of
motion, sensibility and circulation and the DASH
score for the affected limb.Patient-centred assessment: DASH
questionnaire and cold intolerance
The patients were asked to complete the thirty-
item DASH questionnaire under standard condi-
tions.8,9 Patients rate their ability to perform 30
different physical function tasks, and score ques-
tions about symptoms, self-image, and social func-
tioning on a five-point scale (0 ¼ no difficulty to 5
points ¼ unable to perform task). The raw score
is transformed to the quoted DASH percentage
score, whereby 0 points indicates normal, pain-
free function and no disability, and 100 indicates
maximal impairment of the upper extremity. We
Table 2 Detailed average rating in DASH
questionnaire
Question Average
rating
Range
Weakness A/S/H 1.1 1e2
Stiffness of the A/S/H 1.1 1e2
Difficulty in sleeping 1.1 1e2
Place an object on a shelf
above the head
1.2 1e2
Manage transportation needs 1.2 1e2
Free movement of A/S/H 1.2 1e2
Sexual activities 1.2 1e2
Push open a heavy door 1.3 1e2
Feeling of being less capable/
confident/useful
1.3 1e2
Prepare a meal 1.4 1e2
Make a bed 1.4 1e2
Wash the back 1.4 1e2
Carry a shopping bag or
briefcase
1.5 1e3
A/S/H pain 1.5 1e3
Recreational activities requiring
some force or impact
1.6 1e3
Wash or blow dry hair 1.6 1e3
Tingling in the A/S/H 1.6 1e2
Do garden or yard work 1.8 1e4
Put on a pullover sweater 1.8 1e3
Carry a heavy object (5 kg) 1.9 1e4
Use a knife to cut food 2.0 1e4
Recreational activities which
require little effort
2.1 1e4
Write 2.3 1e4
Do heavy household chores 2.3 1e5
Interference with normal social
activities
2.4 2e4
Limitation in work/other
regular daily activities
2.7 1e5
Pain after any specific activity 2.8 1e4
Change a light bulb overhead 3.0 2e4
Turn a key 3.1 2e4
Open a tight or new jar 3.2 1e5
A/S/H, arm, shoulder or hand.
Evaluation outcome of replanted digits 33did not include the optional DASH modules (work
module and sports/performing arts module).
The patients additionally answered questions
regarding the cold intolerance. Due to the lack of
a representative objective measurement the pa-
tients merely affirmed or to denied relevant
symptoms.
Observer assessments
Strength
Grip strength and pinch grip were measured with
dynamometers (Baseline Hydraulic dynamometer,
Irrington, NY, USA; B&L Engineering Pinch grip
gauge, Tustin, CA, USA) under standardised condi-
tions. The contralateral side provided an internal
control.
Active range of motion
This was measured for the MCP, the PIP and the DIP
joint by manual goniometry. The pulp-to-palm
distance was measured as an additional functional
scale for digital mobility.
Sensory testing
Dynamic two-point discrimination (2-PD) was de-
termined with a commercial tool (Dellon Disk-
criminator, Kome Kare Co., Baltimore, MD, USA)
and mechanical thresholds by SemmeseWeinstein
monofilaments (Connecticut Bioinstruments Inc.,
Danbury, CT, USA). All studies were repeated
on the corresponding nerves of the contralateral
normal fingers to match each parameter with
a control value from the same patient. The
tests were done under standardised conditions of
Table 3 DASH scores in disorders of the upper
extremity
Upper limb
condition
DASH
mean
(SD)
Reference
Shoulder disorders 48 Beaton et al.13
Wrist disorders 31 Beaton et al.13
After Sauve´-Kapandji
Procedure
28 Zimmermann
et al.14
Replantation after single
finger amputation
11.2 (8.87)
Replantation after
thumb amputation
10.0 (8.29)
Replantation after
multiple finger amputation
16.1 (18.2)
All digital replantations 12.3 (10.8)
Summary DASH results from the literature (as referenced)
for other pathologies of the upper limb, compared to the
DASH outcome of digital replants in this series.temperature, and all tests were conducted by the
same assessor.
Circulation
Circulation was evaluated by unidirectional Dop-
pler flowmetry to prove the perfusion of the
reconstructed arteries.
Statistical analysis
Normality of data distribution was checked with the
KolmogoroveSmirnov test, at a P value of 0.05. Cor-
relation analysis was performed using the Pearson
rank coefficient for normally distributed data, and
the Spearman for non-parametric data. Inter-group
comparison was by one-way ANOVA with Tukey’s
post hoc test for significance, or one-way t-test as
appropriate. Tests were performed using GraphPad
Prism v3 software.
Results
The main outcomes are detailed in Tables 1e3.
Overall DASH score was 11.5 (SD 10.76). After
thumb replantation, mean DASH was 10.1 (SD
8.29), after single finger 11.2 (SD 8.87), and after
multi-digit amputation 16.1 (SD 18.20); scores were
normally distributed in all groups (Kolmogorove
Smirnov test at the level of P  0.05), despite one
multiple digit injury having a score of 56.6. DASH
score did not vary significantly between groups
(one-way ANOVA, P ¼ 0.46).
Table 2 shows the detailed results obtained with
the DASH questionnaire concerning different phys-
ical function tasks, symptom questions and ques-
tions related to self-image and social functioning.
The average grip strength of the injured hands
was a mean of 87% (SD 23.5) of the uninjured hand
overall, but was significantly lower for multi-digit
amputations (mean 62.3%, SD 24.8) than either
isolated thumb replantations (mean 92%, SD 16.3;
P < 0.01) or single finger amputations (mean 93%,
SD 25; P < 0.05). The overall pinch grip strength
of the replanted digits was a mean of 71% (SD 22)
of the contralateral side, and there was no signif-
icant difference between isolated thumb replants
(mean 76%, SD 16.0), single finger replants (mean
66%, SD 17.5), and multi-digit amputations (mean
69%, SD 30.1). Cold intolerance was subjectively
found in 95% of the thumb replantations, in 81%
of the single finger replantations and in 85% of
the multiple finger replantations (mean 86.7%).
The pulp-to-palm distance as a representative
degree of digital mobility ranged between 0 and
5 cm in thumb and single finger replantations
34 J. Dabernig et al.and between 0 and 7 cm in multiple finger
replantations.
The 2-PD of the sutured digital nerves ranged
between 2 and 14 (mean 4.7) mm in 59 nerves. In 5
fingers there was no real 2-PD evaluable (2-PD
15 mm or more). The 2-PD of the primarily not
reconstructed nerves (n ¼ 13) reached from 3 to
more than 15 mm. Three of these patients showed
no evident 2-PD (more than 15 mm) whereas 10 pa-
tients revealed a 2-PD of 3 to 14 (average 7.3) mm
without surgical nerve coaptation. In the 45 re-
planted digits, 36 (83.7%) recovered S3þ and S4
sensation with a 2-PD distance between 2 and
14 mm. The other 9 fingers revealed protective
tactile sensitivity with a 2-PD of 15 or more mm
on at least one (radial or ulnar) side.
The sensation threshold evaluatedwith Semmese
Weinstein monofilaments (Table 1) revealed a
general conformitywith the 2-PD. Smaller 2-PD coin-
cided with lower thresholds. The highest sensation
thresholds were evaluated in digital skin without
considerable 2-PD (more than 15 mm). We found
the same phenomenon in the aforementioned surgi-
cally not coapted nerves with a good 2-PD.
DASH score exhibited a significant negative
correlationwith%grip strength (Pearson correlation
coefficient, r ¼ 0.44, P ¼ 0.006), and a weak one
with % pinch strength (Pearson correlation coeffi-
cient, r ¼ 0.29, P ¼ 0.08). There was no correla-
tion with pulpepalm distance (Pearson correlation
coefficient, r ¼ 0.04, P ¼ 0.80), 2-PD (Pearson cor-
relation coefficient, r ¼ 0.06, P ¼ 0.73), Semmese
Weinstein testing (Pearson correlation coefficient,
r ¼ 0.15, P ¼ 0.43), or with the level of replant in
single digit (Spearman correlation coefficient,
r ¼ 0.057, P ¼ 0.87) or thumb (Spearman correla-
tion coefficient, r ¼ 0.054, P ¼ 0.83). DASH score
did not correlate with the number of vessels
repaired, or with the presence/absence of cold
intolerance.
The surveying of the circulation with a Doppler
flow meter proved that all reconstructed arteries
were still perfused, which results in a re-occlusion
rate of 0%. None of the fingers showed atrophy or
cyanosis.
None of patients wanted a secondary re-
amputation of the reattached fingers.
Discussion
When discussing the functional outcome of digital
replantation, one should consider that different
replantation centres may serve heterogeneous
patient populations both in terms of the mecha-
nism, level, and pattern of digital amputation(single/multiple, pattern of associated limb injury,
etc.), and in their patient demographics and
co-morbidity. The frequency of dominant versus
non-dominant hand involvement may also vary
with mechanism. Thumb replantations might
reasonably be expected to have a different out-
come to single fingers, or multiple digits. The level
of amputation, the type of injury or the time
of ischemia are statistically significant factors
influencing the functional outcome.3,6,11
Given the heterogeneity of injuries grouped
together as ‘‘replants’’ it seems illogical to com-
pare the outcome of one patient with another
purely on the basis of objective, but digit specific,
tests like pulp-to-palm distance, pinch strength,
range of motion or focal sensory tests. Instead it
seems reasonable to also consider the impact of
the injury and treatment upon more global mea-
sures of function. Yet the patient’s subjective
impression of their functional ability/disability
has rarely been considered by authors,6 who
correlated the early professional re-adaptation of
manual workers with the range of joint motion,
sensory recovery and muscular power. Similar eval-
uations have been performed by Biemer,7 Tamai,10
and Berger.12 Distinct questionnaires have been
developed for the different regions and various
disorders of the upper limb.8,11,13
The 30-item DASH questionnaire potentially
provides a patient-centred tool to quantify overall
functionality of the affected upper limb. It is ideally
suited to assessing procedures on the hand-forearm
unit,14 but has not been applied to digital injuries.
The principal advantages of the DASH score are its
simplicity, speed of completion, and hence compli-
ance. It can be applied longitudinally to monitor
response to therapy, as long as suitable minimal
intervals are preserved between testing. The score
is validated13 and can be used to compare outcomes
between heterogeneous conditions (e.g. frozen
shoulder vs. wrist fusion), and although proscriptive
normative values are still awaited, it is suggested
that a change in score of<15 points does not repre-
sent a clinically significant deterioration of upper
limb function. An absolute score of >50 suggests
an inability to work, and that >20 suggests impair-
ment of activities of daily living.
The DASH does not consider whether a patient is
right- or left-handed, and due to its construction it
is not suited for children. It provides a possible
solution for single, or multiple disorders in any
upper limb region,13 but the questions can be sub-
grouped to distinguish different elements of every
day activities (Table 2) and further modules to
determine specific functions (e.g. sport) are avail-
able. So to a degree the site of pathology can be
Evaluation outcome of replanted digits 35expected to affect certain question groupings
more than others; for example, shoulder disorders
will primarily impair activities requiring the eleva-
tion of the arm, whereas finger disorders may
mainly impede daily occupational or private
activities.
Thus, although our results confirm good outcome
in most questions, poorer outcomes were noted for
activities weighted towards precise hand function
(Table 2), such as ‘‘open a tight or new jar’’, ‘‘turn
a key’’ and ‘‘change a light bulb overhead’’. In
addition, ‘‘pain after any specific activity’’, mean-
ing pain after cold exposure in this series, was also
increased (Table 2). DASH scores after digital
replantation (mean 11.5) compare favourably
with scores for other upper limb pathologies/
procedures, which typically give scores on the
order of 25e50 (Table 3),13,14 and suggests that re-
plant patients could be expected to return to the
majority of activities. The broad range of scores
(0e57) 0 to DASH 56.6 (mean 12.3), however,
precludes blanket predictions of outcome, nor
does the design of this study demonstrate a benefit
from replantation over more conservative treat-
ment. Comparison with DASH scores from patients
with finger amputations would be informative in
this regard.
Since the total DASH score reflects the entire
upper limb, it is perhaps unsurprising that disor-
ders of the proximal joints cause higher scores
than those of the digits, and it may be necessary to
create a digital module to the questionnaire to
have sufficient discriminatory sensitivity for use in
comparing hand injuries. However it is valid to
apply the full score when justifying complex pro-
cedures such as replantation in terms of the
patients’ perception of the long-term function of
their upper limb unit, which should be the most
important factor in managing upper limb trauma.
It is also of note that correlation analysis in this
study revealed a significant negative correlation
with grip strength, and a weak one with pinch
strength. This suggests that DASH is indeed suffi-
ciently sensitive to reflect the impact of hand
function upon global limb disability. The lack of
correlation with traditional sensory tests may
merely reflect their relative insensitivity com-
pared to motor tests,15 or that sensation is of
less fundamental importance for the tasks speci-
fied by DASH, which predominantly involve visual
control, and relatively coarse sensorimotor feed-
back control (Table 2). Similar explanations may
account for the lack of correlation with range of
movement measures.
Post-traumatic cold intolerance is a significant
subjective complaint and one of themost importantcauses of disability after digital replantation.8,16e22
It is reported to be due to vasospasm, other micro-
circulatory changes or reduced regeneration of the
autonomic nerve system, and is often present after
replantation surgery, peripheral nerve dissection
or amputation stump revision.16 Cold-induced vaso-
spasm is not present in recently replanted fingers,
but begins after a few weeks, thereafter gradually
decreasing during the first 2 years after replanta-
tion, and subsequently persisting to a variable de-
gree.16,22 It represents a considerable problem to
many patients in professional life as well as during
leisure activities.
The reported incidence of cold intolerance is
between 35% and 82%.1e3,21e23 The high rate of
cold intolerance in our patients (86.7%) may re-
flect the alpine climate of our geographic region,
or the relatively liberal clinical definition em-
ployed. Cold intolerance did not correlate with
DASH score in our patients, although it did account
for the high value (mean 2.8) ascribed to the ques-
tion ‘‘pain after any specific activity’’ (Table 2).
Although the determination of objective scores
for clinical tests of isolated functions such as grip/
pinch strengths, sensation, and ranges of move-
ment provide important information assessing
elements of surgical outcomes, they do not ade-
quately reflect the patient’s perception of their
outcome. This study demonstrates the utility of
the DASH score in providing a simple, valid, and
meaningful patient-centred outcome assessment
tool. Although further development of a hand
module for the tool may enhance sensitivity,
DASH represents a useful addition to the assess-
ment package for digital amputation injuries. It
also provides a means to compare the outcome of
hand trauma management with other upper limb
pathologies, and gives a comparative reflection
of the impact upon the patient’s functionality.
Long-term DASH scores after digital replantation
were low, and correlated with grip strength,
suggesting that when successful the procedure
minimises residual disability in the majority of
patients, but further comparative trials are
required for definitive conclusions to be drawn.
Combining existing objective clinical tests of
sensorimotor function with the DASH assessment
of patient-centred outcome will permit further
refinement of indications and techniques for
digital replantation.
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